Drought stress can imprint marks in plants after a previous exposure, leading to a 25 permissive state that facilitates a more effective response to subsequent stress events. 26 Such stress imprints would benefit plants obtained from progenitors previously exposed 27 to drought. Herein, our hypothesis was that daughter plants obtained from mother 28 plants previously exposed to water deficit will perform better under water deficit as 29 compared to those obtained from mothers that did not face stressful conditions. 30 Sugarcane mother plants were grown under well-hydrated conditions or subjected to 31 three cycles of water deficit by water withholding. Then, daughter plants produced 32 through vegetative propagation were subjected to water deficit. Leaf gas exchange was 33 reduced under water deficit and daughters from mothers that experienced water deficit 34 presented a faster recovery of CO 2 assimilation and higher instantaneous carboxylation 35 efficiency after rehydration as compared to daughters from mothers that did not face 36 water deficit. Plants obtained from mother plants that faced water deficit showed the 37 highest leaf proline concentration under water deficit as well as higher leaf H 2 O 2 38 concentration and leaf ascorbate peroxidase activity regardless of water regime. Under 39 well-watered conditions, daughters from mothers that faced stressful conditions 40 presented higher root H 2 O 2 concentration and root catalase activity than ones from 41 mothers that did not experience water shortage. Such physiological changes were 42 associated with improvements in leaf area and shoot and root dry matter accumulation 43 in daughters from stressed mothers. Our results suggest that root H 2 O 2 concentration is 44 a chemical signal associated with stress memory and improved sugarcane growth. Such 3 45 findings bring a new perspective to sugarcane production systems, in which stress 46 memory can be explored for improving drought tolerance in rainfed areas. 47 48
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Abstract 24 Drought stress can imprint marks in plants after a previous exposure, leading to a 25 permissive state that facilitates a more effective response to subsequent stress events. 26 Such stress imprints would benefit plants obtained from progenitors previously exposed 27 to drought. Herein, our hypothesis was that daughter plants obtained from mother 28 plants previously exposed to water deficit will perform better under water deficit as 29 compared to those obtained from mothers that did not face stressful conditions. 30 Sugarcane mother plants were grown under well-hydrated conditions or subjected to 31 three cycles of water deficit by water withholding. Then, daughter plants produced 32 through vegetative propagation were subjected to water deficit. Leaf gas exchange was 33 reduced under water deficit and daughters from mothers that experienced water deficit 34 presented a faster recovery of CO 2 assimilation and higher instantaneous carboxylation 35 efficiency after rehydration as compared to daughters from mothers that did not face 36 water deficit. Plants obtained from mother plants that faced water deficit showed the 37 highest leaf proline concentration under water deficit as well as higher leaf H 2 O 2 38 concentration and leaf ascorbate peroxidase activity regardless of water regime. Under 39 well-watered conditions, daughters from mothers that faced stressful conditions 40 presented higher root H 2 O 2 concentration and root catalase activity than ones from 41 mothers that did not experience water shortage. Such physiological changes were 42 associated with improvements in leaf area and shoot and root dry matter accumulation 43 in daughters from stressed mothers. Our results suggest that root H 2 O 2 concentration is 44 a chemical signal associated with stress memory and improved sugarcane growth. Such . 60 Improved plant response induced by previous exposure to a limiting factor is an 61 evidence of stress memory, a way to storage information of stressful events [3, 8, 9] . In 62 fact, such stress memory can assist plants in future stresses [9] and one important issue 63 is the site (plant tissue) in which information is stored within plants. Plants do not have 64 a specific region to store information and they can sense the environment with all their 65 body and the intricate cell signaling system. Then, plants can perceive one stimulus in 66 one site and the respective response be found in a different organ due to signaling [10].
67
One important requirement for retaining information is that stress-induced signals are 68 still present when the stressor is no longer affecting plants [11] . 69 In nature, plant phenotype is also defined by transgenerational regulation, which 70 occurs when internal changes persist in the next generation through epigenetic marks 71 such as DNA methylation [8] . There is reasonable evidence for assuming that plants can 72 sense changes in the environment during growth and modify the phenotype of their 73 progeny to be more adapted to growing conditions [8, 12] . The stress-induced memory 74 can be transferred to subsequent generations by seeds and through vegetative 75 propagation [13] . In the first case, plants can pass epigenetic information through the 76 meiosis process and produce seeds with stress memory [12, 14] . For instance, Boyko et 77 al. [14] showed that Arabidopsis thaliana exposed to cold, heat and flooding had 78 increased global genome methylation and higher tolerance to stress as compared to 79 progeny from plants that never faced stressful conditions. However, stress-induced 80 signals may be erased or diminished during meiosis, reducing stress memory. On the 81 other hand, clonal plants produced by vegetative propagation have apparently better 82 ability to recover signals acquired during stress events than non-clonal plants [15] . 83 Considering stress memory, plant propagation and drought-induced effects on 84 plants, we hypothesized that plants obtained from others previously exposed to drought 85 will perform better under water deficit as compared to plants obtained from mother 86 plants that never faced water shortage. Through vegetative propagation, information 87 about previous stresses (memory) can be stored in sugarcane buds, which will sprout 88 and produce new plants. Sugarcane is an important crop for ethanol and bioenergy 89 production -a clean alternative for energy production -and its expansion to rainfed 5 90 areas needs more drought tolerant plants. Then, stress memory would be an interesting 91 tool for improving crop establishment and initial growth in such new areas. methionine, 5 mmol L −1 EDTA, deionized water, crude extract, 100 µmol L −1 riboflavin 214 and 1 mmol L −1 nitro blue tetrazolium chloride (NBT). A group of tubes was exposed to 215 light (fluorescent lamp of 30 W) for 15 min, and another group remained in darkness. 216 The absorbance was measured at 560 nm and one unit of SOD is the amount of enzyme 217 required to inhibit the NBT photoreduction in 50% [28] . SOD was expressed as U g -1 FW 218 min −1 . Mother plants under water deficit 245 Herein, mother plants are defined as those ones that provided vegetative 246 material for propagation, i.e., small stalk segments with buds. Mother plants were 247 subjected to three cycles of water deficit and leaf gas exchange was measured during 248 dehydration and rehydration stages (S1 Fig). There was a significant reduction in leaf 12 249 CO 2 assimilation after four days of water withholding in all cycles of water deficit (S1 250 Fig) , with net photosynthesis reaching null values or even negative ones (respiration). 251 Full recovery of leaf CO 2 assimilation was noticed in all cycles and the negative impact 252 of water deficit was reduced from the first to the third cycle (S1 Fig). After three cycles 253 of water deficit, there was a significant reduction of biomass production (S2 Fig), with 254 reductions in the number, dry matter and area of green leaves as well as decreases in 255 root and stem dry matter (S1 Table) . 256 Then, small stalk segments (around 3 cm) with one bud were obtained from Water deficit reduced leaf CO 2 assimilation, stomatal conductance and the 269 instantaneous carboxylation efficiency, regardless of the plant origin (Fig 1) . 270 Interestingly, plants originated from mother plants that experienced water deficit (D/D) 271 presented a faster recovery of leaf CO 2 assimilation and carboxylation efficiency as 272 compared to W/D plants (Fig 1A,C) . Integrated leaf CO 2 assimilation and transpiration 13 273 were reduced by water deficit in a similar way when comparing W/D and D/D treatments 274 (Fig 2A,B) . However, recovery of photosynthesis was favored in D/D plants and then 275 integrated water use efficiency was improved under water deficit ( Fig 2C) . After nine days of water deficit, pre-dawn leaf water potential was reduced and 295 D/D plants showed the lowest values ( Fig 3A) . Regarding the leaf relative water content, 296 there was a similar response to water deficit and both W/D and D/D plants exhibited the 14 297 lowest values ( Fig 3B) . While the pre-dawn leaf water potential was fully recovered, leaf 298 relative water content was partially recovered after four days of plant rehydration ( Water deficit caused decreases in the potential quantum efficiency of PSII (F v /F m ) 311 and also in the apparent electron transport rate (ETR) of W/D and D/D plants (Fig 4A,B) . 312 Although D/D plants had shown the lowest ETR values, the ratio ETR/A was similar 313 between W/D and D/D plants, increasing in more than three times due to water deficit 314 ( Fig 4C) . Non-photochemical quenching was increased by water deficit only in W/D 315 plants ( Fig 4D) . All photochemical indices were recovered after plant rehydration, with Leaf sucrose content was also increased by water deficit but only in plants 342 originated from mother plants maintained under well-watered conditions, i.e. W/W vs. 343 W/D ( Fig 6A) . Curiously, D/W plants had higher leaf sucrose content than W/W ones, 344 suggesting an influence of mother plants. Such influence was also found in roots, with 16 345 D/W plants presenting lower sucrose, soluble total sugars and total non-structural 346 carbohydrates than W/W plants ( Fig 6) . Reductions in root concentrations of sucrose, 347 soluble total sugars and total non-structural carbohydrates due to water deficit were 348 found only in plants obtained from those ones that did not face drought (Fig 6E-H) . 349 When considering the total amount of non-structural carbohydrates in plants ( Figure 6I Regarding the antioxidant metabolism, leaf SOD and CAT activities were not 367 affected either by water regime or plant origin (Fig 7A,D) , while leaf H 2 O 2 concentration 368 and leaf APX activity increased due to water deficit (Fig 7B,C) . The highest leaf APX 17 369 activity was found in W/D plants ( Fig 7C) . In roots, non-significant changes were found 370 for SOD and APX activities (Fig 7E,G) . Root H 2 O 2 concentration and CAT activity increased 371 due to water deficit in daughter plants originated from well-watered mother plants (Fig   372   7F,H) . On the other hand, root H 2 O 2 concentration was reduced and root CAT activity 373 did not change under water deficit when considering daughter plants originated from 374 plants grown under cycles of water deficit (Fig 7F,H) . Interestingly, D/W plants had 375 higher root H 2 O 2 concentration and higher root CAT activity than W/W plants (Fig 7F,H) . . 414 Our findings indicate that propagules obtained from plants growing in areas with 415 low water availability would be more tolerant to drought as compared to propagules of 19 416 the same genotype grown under irrigation of in areas without occurrence of water 417 deficit. Interestingly, daughters of mother plants that faced water deficit produced more 418 biomass than ones from mother plants maintained well-watered, regardless water 419 regime (Fig 8) . This suggest that plants have increased their efficiency in using natural 420 resources such as water and sunlight through the transgenerational stress memory. We Table) , daughter plants had faster sprouting and 436 higher biomass than ones obtained from well-hydrated mother plants (Fig 8) . Such Plants respond to abiotic stresses by altering their metabolism and accumulating 464 substances such as sugars, amino acids and other metabolites with important roles in 465 stress tolerance [35] . Maintenance of high sucrose concentration even under well-466 watered conditions may be another evidence of stress memory [36], as found in D/W 467 plants ( Fig 6A) . In addition, plants obtained from mother plants that faced drought did 468 not present any change in both leaf and root sucrose concentrations under water deficit 469 ( Fig 6A,E) . Sucrose accumulation would help plants under water deficit by improving 470 osmoregulation and protecting proteins and then maintaining photosynthesis under low 471 water availability. 472 Low concentrations of ROS in plants previously exposed to stressful conditions 473 could be an indication of stress memory [37] . However, our data indicate that exposure 474 of mother plants to water deficit caused higher root H 2 O 2 concentration in plants 475 maintained under well-watered conditions ( Fig 7F) . In addition to its role in plant 476 signaling [38] , ROS accumulation is also associated with modifications in DNA 477 methylation pattern [39] , an epigenetic change that would store information and induce 478 faster stress response. The presence of ROS in controlled amounts is important for plant 479 growth, with plants showing higher H 2 O 2 concentration in the region of root elongation 480 [37] . In this way, high root H 2 O 2 concentration in D/W plants ( Fig 7F) would explain high 481 root biomass (Fig 7F and 8B) . In fact, H 2 O 2 is produced by mitochondria during the Our findings clearly show that sugarcane growth is improved in daughter plants 491 obtained from mother plants that faced water deficit. The bases of such 492 transgenerational stress memory should be further studied taking into account possible 493 epigenetic markers. Our data also revealed that bud meristems of sugarcane are able to
